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Australia is populated almost exclusively by
Europeans who are exposed to a very much
stronger sunlight than they would have received
in their native lands. In 1918, Paul (1) and later
Molesworth (2) showed the effect of sunlight in
causing a high incidence of epithelioma of the
skin and rodent ulcers in Australia. As a result of
experimental work it is now recognized that ul-
traviolet radiation contributes to the damage,
Blum (3). Using measurements of the ultraviolet
radiation in various districts of Queensland Car-
michael (4) has been able to draw a rough parallel
between the radiation intensity and the incidence
of skin cancer. It is only comparatively recently
that malignant melanoma of the skin of fair com-
plexioned races has been shown to vary with the
latitude, and presumably with the ultraviolet
radiation. In an article on the geographical in-
cidence of fatal melanoma of the skin, Lancaster
(5) reported that the mortality rate in England(where the center of population lies at 53° N)
was 6 per million per year. Australia is largely
colonized from Britain, but the center of popula-
tion lies at 35° 5 and the mortality rate was 14
per million. Of these eases there were 8 per million
in the state of Victoria (38° 8)15 per million in
New South Wales (32° 5) and 23 per million in
Queensland (27° 5). The incidence of malignant
melanoma is approximately the same in the two
sexes (6). However, in Queensland the average of
23 per million was made up of 28 males and 17
females. Men are prone to greater solar exposure as
more of them have outside work. Lancaster and
Nelson (7) made a clinical survey of 173 cases of
malignant melanoma and concluded that this
tended to occur in fair or red-headed people with
a fair skin, and like skin carcinoma it was more
frequent in those who have been exposed to ex-
cessive sunlight. They were unable to detect a
close statistical relationship between the site of
skin exposed and the site of the melanoma. How-
ever, McCovern and Maekie (8) in a series of 229
cases of malignant melanoma of the skin examined
in New South Wales found that, in general, the
commonest sites were those subjected to high
solar exposure. The head and neck in both sexes
were frequently involved, but in the female the
lower limbs and in the male the trunk were other
common sites. Clark and McDonald (9) give
figures for the incidence of malignant melanoma
in the white population of Texas, U.S.A., which
are not directly comparable as they included the
eye, and cases where no primary was discovered.
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However, it appears that the main difference be-
tween the American and Australian figures is the
higher incidence of melanoma of the trunk in
Australian males. Lancaster (5) suggested that
habits of dress and sport may influence the ex-
posure to sunlight enough to affect mortality
rates. As evidence he quotes higher mortality
rates in seaboard states of U.S.A. and South Africa
than in inland states of the same latitude. In
view of the tendency nowadays to spend a greater
amount of leisure time in the sun with very little
protection from its radiations there may well be a
rise in the incidence of melanoma in those
countries where the risk is high.
The immediate effect of ultraviolet light on the
skin, under physiological conditions, is to cause a
darkening of pre-existing melanin in the epider-
mis. Within a few days more melanin is formed
in pigment producing melanoeytes which are
scattered along the basal layer of the epidermis
immediately above the basement membrane (10).
Edwards and Duntley (11) used a spectrophotome-
ter to show that after a single dose of ultraviolet
light melanin formation began in 2 days, was
maximal in 19, and ceased after 1 month, although
increased pigmentation remained for many
months. There is some evidence, from the experi-
mental work of Blum (12), that the absence of a
rest period from U.V. radiation (which would
occur during a long winter) may be important in
producing malignant changes in the skin. In the
northern parts of Australia this rest period is
lacking, as the average person retains some degree
of sun-tan both summer and winter. Thompson
(13) has shown that it is the epidermal pigment
which is mainly responsible for filtering out the
harmful ultraviolet radiation, although earlier
workers thought the thickness of the stratum cor-
neum was the most important factor.
If the natural tendency to produce pigment is
not great the ultraviolet radiation penetrates the
dermis and prolonged exposure results in perma-
nent changes in the skin. This condition, known
as ''farmers' skin'', ''sailors' skin'', senile elasto-
sis, and collagen degeneration is usual in fair
complexioned adults in Queensland used to out-
side work or recreation. There is a loss of elasticity
of the skin which is wrinkled and has a mottled
pink or brown pigmentation. Histologically there
is atrophy of the epidermis, and abnormal elastin
fibres form an amorphous mass in the upper
dermis. It is probable that the elastin fibres arise
from the collagen fibres already present, as Keech
et al. (14) have shown that under experimental
conditions many substances including ultraviolet
radiation may affect this change. Maekie and
McGovern (15) discussed the pathogenesis of
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collagen degeneration, and concluded that the
primary effect of ultraviolet radiation was on the
blood vessels of the subpapillary plexus, and as a
result of altered tissue metabolism collagen de-
generation followed. This predisposed to the de-
velopment of tbe precancerous solar keratosis,
keratoaeanthoma, squamous cell and basal cell
carcinoma.
There are great differences in the functional
activity of melanoeytes. For example, racial differ-
ences in skin color are not effected by differences
in the number of melanoeytes, but by their ac-
tivity. This interesting concept was first suggested
by Billingham and Medawar (16) in work using
guinea pigs, and was subsequently confirmed for
humans by Starieco and Pinkus (17) using negroid
and European skin and also by Szabo (18). All
functionally active melanoeytes stain with the
dopa technic, and they are confined to the basal
layers of the epidermis. Fitzpatrick and Szabo
have shown that in normal epidermis the melano-
cytes have so little tyrosinase activity that this is
not detectable by incubation in tyrosine. After
sunlight or ultraviolet light, however, the tyrosin-
ase was activated by unknown means, and some
staining occurred after tyrosine incubation (10
and 19). Szabo (18) has shown there is considerable
tyrosinase activity in the melanoeytes of exposed
regions of the body. Thorium X, which emits
alpha particles, has the same ability as ultra
violet radiations to activate tyrosinase in melano-
eytes. After mild applications of thorium X on
human volunteers Starieco (20) showed that, in
addition to this tyrosinase activity, functionally
active melanoeytes were found higher up in the
epidermis, and they were increased in size and
possibly also in numbers.
Clinical observation of the pigmentary changes
in collagen degeneration has suggested that there
are gross changes in melanoeyte activity in chroni-
cally exposed white skin under tropical and sub-
tropical conditions. The object of this investiga-
tion was to ascertain the exact nature of these
changes.
MATERIALS AND METHODS
Over 100 specimens of skin from subjects of
European extraction were obtained from the oper-
ating theaters of the Brisbane General Hospital
following local or general anesthesia. This skin
was removed either from the edge of surgical
incisions or from the normal skin at the angles of
the elliptical excisions removed for biopsy pur-
poses. Details regarding skin, hair and eye color-
ing, the degree of exposure of the site to sunlight
and length of time spent in Australia were ob-
tained in each case. The reaction to sunlight was
noted, and the subjects grouped accordingly.
Type 1 was applied to those who burned readily
and produced little pigment, type 2 to those who
tanned after exposure. Type 3 was applied to dark
skinned races. In this study these all belonged to
Australian Aborigines. Collagen degeneration
was classified as present when it was definitely
seen with the stains used; as moderate when there
was a continuous layer in the dermis; and as severe
when it occupied most of the dermis. There were 11
specimens of skin which had received X-ray
therapy in the vicinity of the biopsy specimen at
periods ranging from three months to nine years
before removal.
Sheets of epidermis from all specimens were
prepared by trimming off the subcutaneous tissue
and as much of the dermis as possible from the
fresh skin. Pieces no larger than 1/z sq em were
placed in a freshly prepared solution of normal
sodium bromide. This was found to be the most
suitable solution, after running a trial using tryp-
sin solution (2) and a 2N solution of sodium
bromide as used by Starieeo and Pinkus (17) and
originally recommended by Felsher (22). All
methods of skin splitting are inclined to be er-
ratic. However, after trypsin there was a tendency
for the epidermis to split through the basal layers
leaving many of the melanoeytes with the dermal
fragment. After sodium bromide however, the
separation tends to be either through the super-
ficial keratinized layer, or through the region of
the basement membrane. Often considerable
lengths of the duets of sweat glands, or hair fol-
licles are removed with the epidermis. The sodium
bromide is a much more suitable solution to use
where there are a considerable number of hair
follicles present, as on the face. It was found that
a normal solution of sodium bromide worked just
as well as the 2N solution, and did not shrink the
melanoeytes or their processes so much. These
epidermal sheets were then subjected to the dopa
technic described by Starieeo and Pinkus, (17)
care being taken that the length of time in the
dopa solution and its temperature were the same
in all eases. Melanocytes and their processes were
stained brown by this method and retained this
stain for marry months. They were examined with
respect to their size, shape, length of processes,
and depth of staining. They were also counted
by using a magnification of >< 100, and a microm-
eter eyepiece graduated in )4e mm squares.
Random numbers were used to select 10 small
squares in each field for counting. It was found
that by using four fields a satisfactory sample
was obtained. These figures were then converted
to n/mm2.
One piece of each specimen was fixed immedi-
ately in either Zenker's solution or buffered for-
mol. Two sections at 10 microns were taken and
stained with hematoxylin and eosin, and with
Oreein-Giemsa (23). The Oreein was valuable in
the identification of collagen degeneration of the
dermis. The Giemsa stain converted the melanin
to a black material, which when present in the
dermis was clearly differentiated from the purple
mast cell granules. The Giemsa stained the base-
ment membrane clearly in some specimens and
this identification was confirmed by using the
P.A.S. stain. Further attempts were made in
some eases to identify the melanin by bleaching
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for varying periods in 3% hydrogen peroxide,
and by Sehmorls reagent (24).
Two small specimens from each of several ex-
amples of exposed, unexposed and irradiated
skin were fixed in half strength formol-saline for 4
hours, washed, and one piece was placed in dopa
solution, and the other in tyrosine solution. A
third block was processed in the normal way for
staining. In the dopa technic the specimen was
incubated for 1 hour at 37° C in 25 ml. of freshly
prepared 1:1000 dopa solution maintained at pH
7.4 with phosphate buffer. After placing in fresh
solution it was re-incubated a further 12 hours,
then washed, fixed in formol 1—2 days and em-
bedded in paraffin. The tyrosine technic used was
that of Fitzpatrick, Becker, Lerner and Mont-
gomery (19). In addition parts of these specimens
were split and the epidermis incubated in dopa
(17) and in tyrosine (25).
RESULTS
It was found that as far as regional counts of
melanocytes were concerned there was no sig-
nificant difference between this series, the English
series of Szabo (18) and the American series of
Staricco and Pinkus (17) (Table I). Although
there was a suggestion of greater homogeneity in
their figures there were the same wide individual
and regional variations, and the greatest con-
centration of melanoeytes were found in the same
sites. Different proportions of particular sites
were put together when making these averages
but this comparison is probably justified. Table
II gives more detailed information of the counts
in specific regions. Results confirm those of other
workers that neither sex nor skin color has any
effect on the melanoeyte count. No differences
were detected between subjects having com-
plexion types 1 and 2, and the 3 examples of type
3 Australian Aboriginal skin were quite normal for
the region. These results confirm those of Starieco
and Pinkus (17) that age also has no effect on the
melanoeyte count. In a statistical examination of
the abdominal skin (Table TI—Trunk) there is n&
significant difference in the under 70 age group
when compared with those over 70 (t = 1.42).
When correlated with age, r =
—0.19, which is
also not significant. However, in the facial skin
the 5 subjects over 70 had a mean count of 1390
per mm2, whereas the 10 subjects under 70 had a
mean count of 1690, which is a significant dif-
ference (t = 2.18). Also, there was a strong
negative correlation between age and melanoeyte
count (r =
—0.86). The striking difference
between these two groups was that the facial
skin had been exposed to strong solar radiation
over a great many years. (Table IT—Face).
In separated epidermis the dark brown dopa
melanin in the melanoeytes was readily distin-
guished from the golden brown melanin in the
basal epidermal cells. These were never uniformly
filled with melanin in the European skin examined
but some groups of basal cells had considerable
amounts of melanin while others had little or
none. In the exposed skin occasional basal cells
were tremendously distended by their contained
melanin (fig. 7). The dark brown dendrites of
melanoeytes were often traced in clear spaces
between the polyhedral pigmented basal cells.
Occasionally these dendrites had terminal
globular swellings—the "end-buttons" or "caps"
of Billingham. More often the dendrites were
broken into short segments, and probably in this
form they became infolded into the epidermal
cell. Not all groups of pigmented epidermal cells
were associated with a central dark melanoeyte
however, and deeply staining melanoeytes were
frequently found with no epidermal melanin near
them. This may be interpreted as the expression
TABLE 1
Summary of regional melaaocyle couols
Staricco and Pinkus (1957) Szabo (1959)
.
egion No.ofSpecimens
Countper
mm°
Rna ge
1120—2300
Mean
70
No
9
Mean
1406
Range
700—2000
Nn
63
Mean
1930
5J
60Head 15 1570
Neck 12 1340 670—1980 130 2 1045 1040—1050 12 1400 220
Upper extremity....
Back
17
4
1400
1360
620—2300
940—1990
110
229
9
2
1302
860
950—2500
550—1050
20
3
1160
1070
40
100
Lower extremity....
Abdomen
9
19
1000
820
310—1670
500—1320
130
56
11
15
1031
754
500—1440
400—1250
46
5
1130
800
60
40
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TABLE II
No. Age Sex Complexion Site Exposure to Son Dton Metanocys Count per37mm2
FACE
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
17
55
56
59
49
73
61
65
64
69
77
62
70
82
73
M
M
M
M
M
M
M
M
F
M
M
M
F
M
M
Type 2
Type 2
Type 1
Type 1
Type 2
Type 2
Type 1
Type 1
Type 2
Type 2
Type 2
Type 1
Type 1
Type 2
Type 1
Cheek
Forehead
Nose
Forehead
Jaw
Cheek
Cheek
Cheek
Forehead
Eyebrow
Nose
Cheek
Cheek
Forehead
Cheek
moderate
high
high
moderate
high
high
high
high
high
high
high
high
high
high
high
present
moderate
severe
present
moderate
present
moderate
present
moderate
moderate
nil
moderate
moderate
nil
moderate
nil
numerous
present
nil
numerous
present
numerous
present
numerous
present
present
present
present
nil
numerous
2303
1965
1767
1702
1690
1668
1622
1589
1436
1425
1404
1367
1339
1320
1221
Mean 1588
EAR
1
2
3
49
55
51
M
M
M
Type 2
Type 2
Type 2
Helix
Helix
Helix
high
high
high
nil
moderate
moderate
nil
presnt
present
1776
1612
1115
Mean 1501
NECK
1
2
3
4
5
6
7
8
9
10
11
12
40
46
67
41
64
64
78
69
55
60
71
28
F
F
F
M
M
M
F
M
F
F
M
M
Type 2
Type 1
Type 1
Type 2
Type 1
Type 1
Type 2
Type 1
Type 1
Type 2
Type 1
Type 1
Behind ear
Anterior
Anterior
Anterior
Anterior
Anterior
Anterior
Posterior
Behind ear
Anterior
Anterior
Anterior
slight
moderate
high
high
high
high
moderate
high
slight
high
high
moderate
nil
present
moderate
moderate
present
present
moderate
severe
nil
moderate
severe
present
nil
nil
numerous
present
numerous
present
present
numerous
numerous
numerous
present
some
1975
1961
1848
1621
1508
1353
1265
1086
1015
948
832
668
Mean 1340
1
2
3
4
5
6
7
51
53
68
70
54
52
60
M
M
M
M
F
F
M
Type 1
Type 2
Type 1
Type 1
Type 2
Type 1
Type 1
UP
Shoulder
Shoulder
Shoulder
Shoulder
Upper arm
Upper arm
Upper arm
PER EXTREMtT
slight
moderate
high
moderate
moderate
moderate
moderate
v
present
present
present
absent
nil
present
present
nil
nil
numerous
present
nil
nil
nil
1596
1586
969
888
Mean 1259
2296
1592
881
Mean 1590
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TABLE IT—Continued
No. Age Sex Complexion Site Exposure to Sun Degeneation Meianocyes Count pe$Tmrn2
UPPER EXTREMITY—Continued
8
9
10
11
12
13
14
15
16
17
68
57
17
68
45
66
63
66
27
61
M
M
M
M
M
M
M
M
F
F
Type 1
Type 2
Type 1
Type 1
Type 1
Type 1
Type 1
Type 1
Type 1
Type 1
Forearm
Forearm
Forearm
Forearm
Forearm
Forearm
Forearm
Forearm
Dorsum of
hand
Dorsum of
hand
high
moderate
moderate
high
high
high
high
high
moderate
moderate
severe
severe
present
severe
severe
severe
moderate
moderate
present
moderate
present
numerous
nil
numerous
numerous
present
nil
nil
present
present
1837
1744
1697
300
1274
1205
987
615
Mean 1332
2093
1253
1
2
3
4
5
6
7
8
9
59
50
39
50
36
47
60
58
61
M
F
F
M
M
M
F
M
M
Type 2
Type 3
Type 2
Type 1
Type 1
Type 2
Type 1
Type I
Type 1
LO
Thigh
Thigh
Thigh
Knee
Leg
Leg
Leg
Leg
Leg
WEB EXTREMI
slight
moderate
slight
slight
moderate
moderate
moderate
moderate
moderate
TY
nil
nil
nil
present
present
nil
present
present
present
nil
nil
nil
present
nil
present
numerous
present
nil
1080
742
700
Mean 841
1056
1667
1267
1126
1036
305
Mean 1080
TRUNK
1 55
2 49
3 35
4 49
5 50
6 18
7 53
8 57
9 16
10 65
11 33
12 86
13 62
13 70
15 50
16 42
17 78
18 38
19 47
M
F
M
M
M
M
F
F
F
F
F
F
M
M
M
M
F
M
F
Type 2
Type 1
Type 1
Type I
Type 2
Type 1
Type 3
Type 2
Type 1
Type 1
Type 2
Type 2
Type I
Type 1
Type I
Type 2
Type 2
abd.
abd.
abd.
groin
abd.
abd.
abd.
abd.
abd.
abd.
abd.
abd.
abd.
groin
abd.
abd.
groin
abd.
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
nil
1316
1190
1138
1130
934
920
916
845
816
782
761
717
675
666
643
578
553
546
500
Mean 822
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TABLE IT—Continued
Collagen Abnormal MelaoocyteNo. Age Sex Complexion Site Exposore to Son Degeneration Melaoocytes rouot per
TD un—Continued
1
1
2
3
4
47
35
58
70
46
M
F
M
M
F
Type 1
Type 2
Type 1
Type 1
Type 2
sternum
back
back
hack
hack (near
neck)
moderate
slight
slight
slight
slight
present
nil
nil
nil
nil
numerous
a few
nil
nil
a few
303
1989
1390
1126
939
Mean 1361
of cyclical activity on the part of the mclanocyte,
which only stains deeply when it has much dopa
oxidase, and only has pigmented epidermal cells
around it when the transmission mechanism
between melanoeyte and epidermal cell is
functioning. The melanocytes found in this
material were practically all stellate cells, with
many dendrites. Bipolar melanocytes stated by
Starieco and Pinkus (17) to be the usual type in
the abdomen, chest and extremities were only
found in small numbers scattered throughout the
specimens from the head, neck and extremities,
usually in relation to skin creases.
Great differences were found in the size of the
melanocytes and in their functional activity as
judged by the intensity of the dopa staining and
the length of their dendrites. In the unexposed
skin of the abdomen the melanocytes appeared to
have little functional activity. They were small
and pale and the processes were short. Where
there had been some exposure the melanocytcs
tended to be larger and darker, with longer
processes. These processes were particularly long
where the melanocytes were infrequent, as in the
leg.
Skin which had received high solar radiation
tended to have aggregations of closely packed
active melanocytes and also areas where they
were infrequent, which made counting rather
inaccurate. Scattered throughout this material,
melanocytes were seen which varied so widely
from the usual melanoeytes that they have been
called abnormal forms. These melanoeytes were
sometimes giant polydendritie forms (fig. 1) or
fairly large spindle-shaped cells (fig. 2), both very
deeply staining after the dopa reaction. The cells
were found singly, or in scattered nests. By alter-
ing the focus it could he seen that such nests of
cells sometimes occupied a considerable depth in
the Malpighian layer and were not confined to
the deepest layer of the epidermis as a normal
dopa positive melanocyte would be (fig. 3). Other
abnormal melanoeytes were large, deeply staining
round cells, or had short stumpy dendrites which
were obviously breaking up (fig. 4). Sometimes
even the ccli bodies appeared to be breaking up.
Quite often the large melanocytes had 2 or 3
nuclei (figs. 5 & 6). Table II shows the frequency
of these abnormal melanocytcs in areas of the
body exposed to solar radiation. They were never
found in parts of the body not exposed to the
sun. They were most abnormal in form where the
dose of solar radiation had been very high and
the protection from the natural pigmentation low.
Cases where the melanocytes were breaking up
were only found after the most extreme exposure.
These abnormal melanocytes did not appear to be
associated with pigmented epidermal cells and
normal mclanocytes in their vicinity were usually
infrequentt (figs. 1, 2 and 5).
When the pigmented and unpigmeuted patches
in skin with collagen degeneration were examined
with dopa staining it was found that the pig-
mented patches were like typical freckles. There
were darkly stained dopa positive dendritie
melanocytes and scattered giant cells in the
vicinity of the heavily pigmented epidermal cells.
In sites further removed from the pigmented
areas abnormal melanoeytes of all kinds were
found, including abnormal round forms. In the
unpigmented areas there was a flattening of the
epidermal pegs. Areas of densely packed small
pale staining mclanoeytes with short dendrites
were found. Many of these melanoeytes were
adendritie round cells, and some merely consisted
of aggregated globules. Scattered among these
FIG. 1. Two giant dendritic melanocytes surrounded by normal melanocytes. Epidermal preparation
and dopa treatment of exposed forehead skin from a male aged 62 who had moderate collagen degenera-
tion and considerable freckling (X 279).
FIG. 2. A group of darkly stained giant spindle shaped melanocytes. Prominent globular swellings
appear on the dendrites of the melanocyte at lower left. Epidermal preparation and dopa treatment
of exposed forearm skin from a mau aged 45 showing severe collagen degeneration and little pigmentation
(X 372).
Fiu. 3. Giant spindle shaped melanocytes occupying differing levels in the epidermis. Epidermal
preparation and dopa treatment of exposed skin from the neck of a man aged 68 whose job as a light-
house keeper exposed him to very high solar radiation (X 140).
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FIG. 4. Darkly stained abnGrmal melanocytes from the same specimen as fig. 2. At the top left are
cells with stumpy dendrites and fragmented remains of dendrites lie between these cells. Epidermal
preparation and dopa treatment (X 372).
FIG. 5. Binucleated giant melanocytes from the same specimen as fig. 2. Epidcrmal preparation and
dopa treatment (X 372).
FIG. 6. Binucleated giant melanocyte showing some tyrosinase activity. The black fibres in the dermis
are due to collagen degeneration. Skin of the cheek in a man aged 78. Tyrosine incubation, sectioned
at 7 p, and stained with Orcein-Giemsa (X 372).
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areas were regions where no melanocytes at all
were found or the last remnants of melanocytes
appeared as a few pale globules.
Although no tyrosinase activity was found on
examination of blocks of unexposed skin, there
was a certain amount in exposed skin. This was
so slight, however, that it could only be ap-
preciated in the abnormal melanocytes with their
bulky cytoplasm. It is possible that too much
dermis was inc]uded in the blocks used in this
technic, as Szabo (25) found that the dermis in-
hibits the tyrosine reaction. In split epidermis
tyrosine incubation rendered the melanocytes of
unexposed skin just detectable. In exposed skin
they were stained a mid-brown shade and
appeared to be in the same numbers as dopa-
positive melanocytes from nearby skin. The
tyrosine reaction was therefore similar to the dopa
reaction, except that as it was so much less in-
tense it was correspondingly more difficult to see
the melanocytes. The depth of staining in this
series was never as great as that photographed by
Szabo (18).
In the eleven cases of irradiated skin which
were examined there was a macroscopic and
microscopic resemblance to the changes induced
by severe solar radiation. In fact, as all the
irradiated skin was taken from fair complexioned
people and from exposed areas of the body, it is
fair to assume that X-ray changes were super-
imposed on those of solar irradiation. It appeared
that after X-ray therapy the changes induced by
solar radiation were all present, but much
exaggerated. Collagen degeneration was increased
and there was much more marked ectasia of
vessels in the superficial dermis than was found
after solar radiation, and these vessels were lined
by grossly thickened endothelial cells. There were
patches of lymphocytes and increased numbers of
mast cells. The patchy distension of basal cells
with melanin was marked. Four of the cases of
irradiated skin had melanocyte counts well below
the normal range for the region, but scattered
through the skin were areas where the melano-
cytes were small and densely packed. This lack
of homogeneity in distribution of melanocytes
resembled the appearance of the skin receiving
high solar radiation, although in the latter case
the effect was seldom great enough to alter the
count. Abnormal melanocytes of all kinds were
frequent, and not always confined to the basal
layer. Sometimes giant dendritic melanocytes
were found in areas where there were no normal
melanocytes and no epidermal pigment (fig. 8).
After recent radiotherapy it was common to find
melanocytes breaking up. These changes may
result in the absence of melanocytes in some areas
for many years. In two specimens of blocks from
facial skin which had received X-ray therapy 1
year previously there was definite tyrosinase
activity which, as in the solar-radiated skin, was
confined to large melanocytes in the basal layer
of the epidermis.
DISCUSSION
It seems likely that in response to ultraviolet
light, thorium X and radiotherapy melanocytes
respond in a similar way, according to the dose
received. Fitzpatrick and Szabo (10) showed that
on mild stimulation with sunlight or ultraviolet
light the epidermal melanocytes reacted several
days later by becoming dendritic, and in addi-
tion to possessing dopa activity they then
possessed some tyrosinase activity. This is
essentially a physiological response, and leads to
increased pigmentation of the epidermal cells, it is
recognized that the process of hyperpigmentation
is associated with an increased activity of melano-
cytes, but not by an increase in their number.
Staricco (20) found that at a certain mild degree
of thorium X stimulation there was a slight in-
crease in the number of melanocytes. He thought,
however, that this might be only an apparent
increase owing to an associated acanthosis. There
is no doubt that melanocytes in the epidermis can
divide mitotically. This has been illustrated by
Bizzozero (27), Masson (26) and Pinkus (28) and
has also been seen in this material (fig. 11). The
cell becomes larger and rounder, but dendrites
and premelanin granules are still present, thus
differentiating it from epidermal cells. Masson
believed however that the division of melanocytes
was usually an amitotic one. In this material
large melanocytes with 2 or 3 nuclei were quite
common in skin which had received prolonged
solar radiation, or X-rays, and were much more
common than multinucleated epidermal cells.
This could be caused by amitotic division, but it
could be also an abnormal mitosis (figs. 5 and 6).
In some of the cases examined with severe solar
exposure areas of melanocytes which were small
and densely packed alternated with areas where
they were large but infrequent. Such cases usually
had a flat dermo-epidermal junction, and
acanthosis did not account for the increase in
number of melanocytes. Although there is no
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statistical evidence here, it would seem likely
therefore that sometimes the melanoeytes may
respond to prolonged ultraviolet stimulation by
multiplication. The present investigation shows
that where the amount of protective pigment is
not great and the sunlight very strong the
melanoeytes become greatly stimulated and form
giant dendritie and spindle shaped cells. Szabo
(29) had described giant melanoeytes several
times larger than the surrounding melanoeytes
but resembling them in other respects, and these
he called hypertrophied normal melanocytes.
He recognized that they were confined to exposed
skin. In this material many of the giant cells were
more abnormal in appearance than those il-
lustrated by Szabo and appeared morpho-
logically more like those illustrated by Staricco
(20) 7 days after thorium X application.
Functionally, also, these cells seemed similar to
thorium X stimulated cells, as they were not
surrounded by pigmented epidermal cells.
Although they have large amounts of dopa
melanin in them they apparently cannot pass
melanin on to the epidermal cell. Often prominent
globular swellings may be seen on the end of their
dendrites (fig. 2 at lower left). Whether the fault
lies primarily in the melanocyte or in the ep-
idermal cell is uncertain. A similar type of
melanoeyte in mice was illustrated by Quevedo
and Grahn (30) after exposure to X-rays. They
noticed also that following X-rays dopa-positive
melanoeytes became more numerous and pos-
sessed longer dendrites. The giant melanoeytes
found in solar-exposed skin, and after thorium X
and X-rays have a morphological resemblance to
the giant epithelioid and spindle cells described
in juvenile nevi by Spitz (31) and later by
Kernan and Ackerman (32). They also resemble
the large dendritie strongly dopa-positive melano-
eyte which was grown along with normal melano-
eytes by Hu el at. (33) from the superficial parts
of human nevi.
After greater ultraviolet stimulus the giant
melanoeytes appeared to become damaged.
Their dendrites were often broken up, leaving
short stumps projecting from the melanocyte,
which assumed a round form. Eventually even
the cell body was broken up into an accumulation
of globules. It is interesting that the oxidase
systems seem to be much more resistant, because
even these globules were stainable with dopa for
some time. However, in the unpigmented patches
found in advanced collagen degeneration, the
areas of densely packed pale-staining melanoeytes
indicate that the oxidase systems may be af-
fected primarily in some cases, leading to a
relative vitiligo. As a result no protective pigment
is formed and these small melanocytes may alsO
be broken up by the U.Y. light.
The low melanoeyte counts found in facial skin
in subjects over 70 may be the result of the
damaging effect of solar radiation over many
years, rather than an age change alone. Although
Szabo (18) found a depression in melanocyte
numbers in four samples of skin removed from the
arm and thigh in subjects over 70, this effect of
age was not found by Stariceo and Pinkus (17)
and was not confirmed in this material. In 19
eases of abdominal skin which would have no solar
exposure there was no correlation between age
and melanoeyte counts.
Once the skin has received a dose of radiation
great enough to produce these changes there is no
protective pigment in the epidermis, and the only
protection the skin will have against the carcino-
genic effect of sunlight is by a filtration of the rays
in the stratum eorneum, or by the use of solar
barrier creams.
The method of transmission of melanin from
melanoeyte dendrites to epidermal cells has never
been satisfactorily explained. Masson (26)
believes the dendrite is inserted into the epidermal
cell, and calls this a eytoerine secretion. This
theory has received support from Charles and
Fjo. 7. Epidermal basal cells with very large supra nuclear inclusions of melanin. Two of the melano-
cytes on the left are binueleated and show slight tyrosinase activity. At the lower left a mast cell is
shown, and more mast cell granules may he seen dispersed in the upper dermis to right of centre, and
passing upwards to the basement membrane from a mast cell lying immediately below the left pig-
mented basal cell. Melanin granules appear darker and coarser. Many of the elongated nuclei under
the basement membrane belong to macropbages because melanin granules are found in their vicinity.
From skin of cheek of woman aged 47. Tyrosine incubation, sectioned at 7 pand stained with Giemsa
(X 465).
FIG. 8. Giant dendritic melanocytes in an area where the melanocyte population is abnormally low(398 per sq. m.m.) Skin from the nose of a woman aged 49 who had received 3500 rads eighteen months
before. Epidermal preparation and dopa treatment (X 372).
FIG. 9. The dendrites of many melanocytes pass downwards to the dermis. Skin from the dorsum of
the hand of a woman aged 63. Dopa incubation, sectioned at 10 pand stained with Giemsa (X 279).
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FIG. 10. The dendrite of a melanocyte passes through the basement membrane and almost reaches a
macrophage. This cell lies just below the melanocyte and consists of a horizontally disposed chain of
melanin granules with a dark nucleus towards its left extremity. Section the same as fig. 9 (X 465).
Ingram (34) using the electron microscope.
Apparently the membrane between the melano-
cyte dendrite and the epidermal cell breaks down
and the melanin granules enter the epidermal cell.
Alternatively, the melanin from the dendrite may
be freed extracellularly and subsequently be
picked up by the epidermal cell, by phagocytosis.
Such extra-cellular collections of melanin pigment
were seen by Hu et al. (33) in cultured human
skin.
The transfer of melanin to the dermis must
occur, but the mechanism is also not clear. It is
generally believed that melanocyte dendrites pass
only upwards, between epidermal cells. Masson
(26) has described minute pigmented dendrites
joining dermal cells to the epidermis through the
basement membrane, but thought his observa-
tions too limited to permit a general conclusion.
The presence of downward-directed dendrites
from the melanocytes has been seen in many of
these specimens (fig. 9). Long thin cells in the
upper dermis have been described as chromaffin
cells by Adams-Ray and Nordenstam (35), and
Burch and Phillips (36), and as mast cells or
macrophages by Coupland and Heath (37). In
this material there was no evidence that chrom-
affin cells occur in the dermis. However, mast
cells similar to those described by Coupland and
Heath were seen. These tended to be round or
oval, and rich in granules in the deeper dermis,
particularly around blood vessels, sweat and
sebaceous glands. Higher up in the dermis they
were usually elongated or irregular in shape, and
contained fewer granules. They seldom ap-
proached as close to the basement membrane as
the macrophages, but occasionally strands of
metachromatic granules were seen in the vicinity
of the basement membrane. The majority of cells
with long, thin nuclei found very close to the
basement membrane appeared to be macro-
phages. These cells could only be identified when
granules of melanin appeared close to the nucleus.
The cell boundary could not be seen. Sometimes
dopa-positive dendrites from melanocytes could
be seen passing through the basement membrane
without apparent distortion, all the way to these
macrophages (fig. 10). Even without the dopa
staining streams of dark melanin granules could
sometimes be traced from the vicinity of a
melanocyte to these macrophages. When the
macrophages were filled they seemed to pass more
deeply and often took up a perivascular position.
Masson (26) believed the dermal melanin was not
extracellular but always in a continuous network
of dermal fibrocytes, which carried it to perivas-
cular reticuloendothelial cells. Furthermore he
believed that the melanocytes could transmit
material in both directions. He described a case
in which the injection of paraffin into the sub-
cutaneous tissue of the breast for cosmetic reasons
resulted in a spread of paraffin through the dermis
into the basal melanocytes. He thought that iron,
I
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some of it from the dermal macrophages to the
epidermal cells. The fundamental problems of
pigment transfer are still far from clear and per-
haps Masson's theory of a me]anocyte which can
transfer substances in either direction may be
correct.
SUMMARY
Fin. 11. Mitosis of a melanocyte. Note the pre-
melanin granules, and the two dendrites at the
upper left and lower right of the cell. The dark
fibers in the dermis are due to collagen degenera-
tion. Skin from the forearm of a man aged 63.
Sectioned at 7 y and stained with Orcein-Giemsa
(oil immersion X 1125).
and lipids in certain xanthomas, could be similarly
transferred. A case of terminal melanomatosis in a
male aged 51, of English birth, was brought to
my notice by courtesy of the staff of the Queens-
land Radium Institute. The color of the skin was
a uniform dark greyish-brown. This color is
usually stated to be due to tumor pigment in
dermal macrophages (38). In this patient, how-
ever, in addition to large amounts of dcrmal
melanin there was a great increase in the melanin
in the epidermal cells so that there was an almost
continuous epidermal layer of pigment. The
melanocytes however, although quite darkly
stained with dopa, were numerically and mor-
phologically normal for the region. It is suggested
that not all of this excessive epidermal pigment
was produced by the epidermal melanocytes,
but that the melanocytes may have transfered
1. Melanocyte counts were made in 76 samples
of human skin from various parts of the
body, and a comparison with counts of
other workers is given.
2. Giant dcndritic mclanocytes, giant spindle-
shaped melanocytes and abnormal round
adcndritic mclanocytes were found in skin
exposed to prolonged solar radiation. Severe
exposure resulted in the breaking up of the
melanocyte dendrites and then of the cell
body, and a reduction in the number of
melanocytes in the epidermis. Changes of a
similar nature were found in skin exposed
to X-rays.
3. The abnormal melanocytes did not appear
to be able to transmit pigment to the epi-
dermal cells. The unpigmentcd patches
found in collagen degeneration are believed
to be due partly to this blockage and cell
destruction, and partly to the presence of
areas of frequent mclanocytes where the
dopa oxidase system is defective.
4. The question of the transfer of melanin
to the dermal macrophages is discussed.
Melanocyte dendrites passing downward
through the basement membrane have been
described, and it is suggested that macro-
phages pass up to the basement membrane
to receive the melanin directly.
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